
FLOOD AND LANDSLIDE RISK ANALYSIS USING LIDAR IMAGERY 

INTRODUCTION & PROBLEM STATEMENT 

Landslides are known to cause significant damage to society, and they are difficult to quantify in 

a manner useful to engineers and policy makers.  The traditional methods for quantifying 

landslide hazards involve aerial imagery, remote sensing, and field inspections 
[5]

. These 

methods have a low level of detail compared with the recent availability of high-resolution 

topographic data derived from light detection and ranging (LiDAR). LiDAR is an advantageous 

tool that can be used to extract detailed geomorphic data from the land surface 
[6]

.  Once this 

geomorphic data is quantified, it can be used with the soil hydraulic parameters to determine the 

areas that are most likely to fail.  Much of the risk for landsliding depends on the amount of soil 

water content present, which involves understanding the climatology and flood risk of a given 

region.  Flood risk mitigation maps for developing communities often combine hydrology and 

hydraulics calculations with aerial imagery and remote sensing, which tends to produce 

generalized data when performed on a large-scale 
[2]

.  With the availability of LiDAR, however, 

a more detailed method of determining the areas at risk for flooding can be performed with a 

variety of hydrological modeling programs such as ArcHydro. I propose to determine a general 

approach for producing a mitigation map that combines flood risk assessment with landslide 

hazard assessment as a useful analysis tool.  This research will include a case study on the 

coastal city Carrefour, Haiti, a region that routinely experiences devastating effects from both 

flooding and landslides. 

 

HYPOTHESIS 

LiDAR data can be used to accurately map the risk of flooding and landsliding, which will lead 

to improved prioritization of mitigation measures. 

 

METHODS TO TEST HYPOTHESIS  

Landslide Hazard Analysis:  After the 2010 earthquake, the USGS gathered airborne LiDAR 

data along the quake fault line in Haiti for emergency response purposes, and this information 

has since been released to the public 
[1]

.  I will use this LiDAR data to model the topography of 

the land and quantify characteristics such as slope and vegetative cover.  The hydraulic soil 

parameters can be determined from known soil databases such as the Soil Survey Geographic 

Database (SSURGO) and the Food and Agriculture Organization of the United Nations (FAO).  

Additionally, field samples of soil will be gathered compared with the information from the soil 

databases.  The landslide hazard analysis will then be performed by statistically determining an 

index for the risk of erosion based on the topography of the land and the hydraulic soil 

parameters. 

Watershed Analysis: In order to model the watershed, I will first need to obtain information 

about the rainfall patterns over Carrefour, Haiti by drawing on satellite imagery such as the 

TRMM and performing a rainfall frequency analysis.  The LiDAR data will be used to delineate 

the watershed boundaries and determine the flow path network.  The land-use information can 

also be determined from the LiDAR data and quantified in ArcGIS.  Hydrologic and hydraulic 

modeling will be used to combine the watershed boundaries, flow paths, land use data, and 

rainfall patterns to produce a hydrograph and rainfall-runoff analysis for various storm durations. 

In addition, the field visits will allow me to collect information that cannot be determined from 

remote sensing (such as population densities, locations of channels/drains/diversions, etc.).  



Flood and Landslide Risk Mapping:  I will produce a flood and landslide risk mitigation plan for 

this region through a vulnerability probabilistic model by mapping in GIS the high risk areas 

based on economic activity, floodplain analysis, and landslide hazard analysis. A detailed field 

survey of the residents will be performed to determine the regions of high economic activity.  

Through collaboration with several entities in Haiti over the past year and a half, I already have 

contacts in Haiti that will allow me to collect pertinent field data and perform the public surveys. 

 

ANTICIPATED RESULTS/BROADER IMPACTS 

This research has the potential to be used on a global scale by decision makers for implementing 

much-needed solutions.  It is a known fact that the 98% deforestation rate of Haiti is leading to 

more frequent landslides and more severe floods.  Until the interaction between landsliding and 

flooding can be quantified, however, engineers and government officials have no way of 

knowing where to focus relief efforts.  Once a usable method is determined for producing a flood 

and landslide mitigation map, results can be reproduced for similar geographic locations. A 

better understanding about the flood and landslide risks for a given region will be useful in 

stabilizing buildings and channels, prioritizing forestation strategies, and urban planning.  The 

application of this research has the capacity to literally save lives, prevent the loss of agricultural 

income, and improve the standard of living in underrepresented communities.  The University of 

Texas has sent public affairs and civil engineering students to Haiti for several years to 

determine viable options for advancing the economy of Haiti.  I will use my research to teach 

fellow students about the advances in advances in technology and how it relates to current social 

issues.  The Haitians themselves will also be a part of my research as I conduct field surveys and 

acquire data.  I will work with the many water resources governmental agencies in Austin to 

publish findings in a broad array of formats.  It is anticipated that this research will produce a set 

of software tools that will be available through geology and water resources associations and 

shared freely online.  One of my overall goals is to provide the information necessary for public 

policy implementation to occur, and this requires education about this research through a variety 

of avenues.   

The topic of how climatology interacts with geomorphology is something that Dr. Passalacqua of 

the University of Texas is studying in great detail, and she has agreed to assist me with this 

research.  The Center for Research in Water Resources at UT houses high-end laboratory models 

and computational tools that will be used in the processing of the LiDAR data and analysis of the 

hydraulic and hydrological computations.  In addition, Dr. Maidment is one of the world’s 

leaders in GIS tools, and he has agreed to assist with this research as well. 
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